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Abstract: To solve the problems of low output efficiency
and short life of single-stack fuel cell systems, the energy
management strategy (EMS) and control strategy of the
multi-stack fuel cell (MFC) system for vehicles were
studied in this paper. A multi-level EMS was proposed, in
which the first-level EMS adaptively distributed energy
between the MFC system and the power battery system
based on working conditions, and the second-level EMS
used an objective optimization function that took into
account efficiency and life to optimize the distribution of
each power output of the stack. The results show that
compared with the single-stack fuel cell system, the fuel
economy of the MFC system can be increased by 4% and
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the life performance of the MFC system can also be

improved.
Key words: multi-stack fuel cell system; energy
management strategy; driving cycle recognition;

optimization model; optimal power distribution strategy
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Fig. 1 Architecture of vehicle simulation model
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strategy
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Fig. 3 Three typical driving cycles
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Tab. 1 Characteristic parameters of some driving cycle segments

7_} / vmax/ Z/ a_d/

—4

admax/

. )
THRE HB ) (rh ) (mes)  (mes) (mes?)  (mst o P PR

1 5.73 36. 85 0.71 —0.59 2.17 —1.99 0.52 0.32 0.25 0.43

2 6.57 36. 85 0.69 —0.55 2.17 —1.99 0.49 0.33 0.27 0. 40

NYCC 3 7.13 36. 85 0.69 —0.65 2.17 —1.99 0.46 0.33 0.30 0.37

4 7.42 36. 85 0.69 —0.67 2.17 —1.99 0.44 0.34 0.30 0. 36

5 7.69 36. 85 0.69 —0.69 2.17 —1.99 0.43 0. 34 0.30 0. 36

1 28.78 49.57 0.44 —0.28 1.32 —1.10 0.21 0.48 0.28 0.24

2 30. 26 49.73 0.42 —0.28 1.32 —1.10 0.18 0.51 0.28 0.21

UDDS 3 31.75 49.89 0.42 —0.27 1.32 —1.10 0.15 0.51 0.30 0.19

4 33.19 49.89 0.41 —0.26 1.32 —1.10 0.12 0.53 0.31 0.16

5 34.70 51.18 0.40 —0. 26 1.32 —1.10 0.09 0. 56 0.31 0.13

1 59.77 77.57 0.30 —0.09 1.43 —0.20 0.03 0.77 0.13 0.10

2 62.12 79.02 0.29 —0.09 1.43 —0.20 0. 00 0.79 0.13 0.08

HWFET 3 64. 25 79.18 0.25 —0.08 1.43 —0.20 0.00 0.76 0.14 0.10

4 65.93 79.18 0.20 —0.08 0.98 —0. 20 0. 00 0.75 0.16 0.09

5 67.25 79. 50 0.16 —0.08 0.58 —0.20 0. 00 0.75 0.16 0.09
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Fig. 4 Results of PCA dimensionality reduction
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Fig.5 Structure of ELM algorithmic network
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Fig. 6 Principle of power following strategy
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SOC ERR, 2, 2R3l Jy s 7217 19 SOC TR, 2 3%
TR 45 30 T L B TR DR (R R W) Ly
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Tab.2 Key control parameters in power following

control strategy

é;‘%& X1 Ny X3 Ty X5
AT 0.75 0.4 800 1000 2000
S EBR 0.90 0.6 2000 2 500 3500

FAERRL IR A 30 ) RGBT H AR

PR E (X)) (CERUREREAFE) N
F(X) — Soul + keq (S — Sena) (D

o X i R O AR e 2 s SR s S 8k
G H MFC THFE Y RSS2 K5 8 77 L b
SOC 172 Ak 4 Ry S 80 SIS FE R 45 T, S
Sena 53990 K9 81 7 B IS AT Uy L 5 AR SOC A
WAL L (Genetic Algorithm, GA) RJ 3R il 52 24
(LRI AR f Tm) AL, HH A SRR R R 1%
AT LAAE R B T e i A g 2 1] O HL LA A i
SRR G St . L, SR GA B a2
(D PEATR B B R R 2O R BT B X T
BOE PEERE 3 Fh LAY T 0, 3RA5 T X 0 A% 3 4
FEHISHX 0
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EMS2 %t MFC H 451> H HE 9 i 3 i D) R i 47
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ARCRAN/ S T . 15, I EACR 6 H AT
FHAGF- 24 0 e 32 9 it =X 00 B FTCR e A 19 3 Fh g
SRS ISR I T oA A FE , b S I R I
DR A T A il SR ms , 27 SRS JfF 1 7oK
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Fig. 7 Approximate relation curve between RUL

and output power
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Fig. 8 Simulated target speed and actual speed
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IR 23 6F 2y 7 Ha sl el JlecAbt 5 L PRt 245 i) SOC 78
AHER, BEMST R LY SOC fuiF B FIR.
Hl R SOC Ak ph £k an & 9 frw , 91 hf SOC {E %
0.7, A7 BAE I T B T XA (0 2 750s) , R
TR ARSI Z FLEON AN R H 3 2R 55 sl A i
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Fig. 9 SOC curve of power battery
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Fig. 10 Results of driving cycle identification

3.1.4 T EXFELATHr

NYCC T8 F & #EHSE (21, - x5) CABEHH
FE () B0 T HLI SOC BYZ5AE (Do) FIEE R0
THFE (g, ) AR FE LR 3. SEURIL)S , SEbs
A AE (gow) 3 M T 0. 83g, 3 71 H it SOC 119 28 1k
(Dsoc) W8 /N T 0. 01, A1 07 Hit %5 08K BE I FE (g.)
12. 55g 18/ 31| 12. 35g, B ARk b 2R 48 i AR 28
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Tab.3 Comparison of parameter optimization in
NYCC

ZH I X2 X3 Ly Ls G Dsoc 8eq
fiAkii 0.80 0.40 800 1000 2000 4.58 0.06 12.55
fifkJ5 0.80 0.46 2000 1291 2474 5.42 0.05 12.35

UDDS T8¢ T LA HI Y2 1 SR s S8 (e, -+
x5) 5 NYCC T — 2, &% A S8 SR #E
(Guoa) B FTHLIH SOC HYZE A (Dsorc ) FNAFRHREHEAE
(g ) ALRTE AR LR 4. INFRTATE Y, 5L
b5 EHE (gow) BN T 5. 42g, {H It F 3 1 it
SOC 74K (Dsoc ) W/ T 0. 08, AT S50 H
FE (g ) A 58. 07g I/ 28 54. 13g, BB B4R 5 T
6.78%

#*4 UDDS TR MELETESH LR
Tab.4 Comparison of parameter optimization in
UDDS

S X T T3 Ty X5 Gl Dsoc 8y
fEAery 0.80 0.40 1000 2000 —3000 44.65 0.11 58.07
fidb)s 0.83 0.59 1660 2454 —2041 50.70 0.03 54.13

HWFET T80 F 28 nn 5 i 4 S 5fTsbr
XTI 5. SEURALIE FAE (gow) BARSE N T
15. 33g,{H 5l F1H1th SOC B 254K (Dsoc ) A 0. 24 /)N
2 0.07, 55 R R AE (g) M 77.48g W /b 3
72. 17g AR TSR T 6. 8500,

#5 HWFET LA TEKRIESELLE

Tab.5 Comparison of parameter optimization in
HWFET

S8 T kY] T3 Ty Ts Goal Dsoc g«
ARG 0.80 0.40 1000 2000 —3000 47.53 0.24 77.48
fidb)s 0.82 0.59 1942 2294 —2148 62.87 0.07 72.17

KT GAE L, X EMST i 5 S BT
b, 35 T 3RS AY T Ol i B S50, il i XSk
PEAL T 5 1) EMST R s, AR NYCC T30
UDDS T.#% M HEFET T.%¢ F &80 2 5 143 )
PET 1.54%.6.78% F16.85%

3.2 FE_REEBTERRFEI LS
3.2.1  3FIRIELRMEXS [
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